Aim: Depression during pregnancy adversely affects both mother and child. As antenatal depression is a predictor of postnatal depression, early detection might prevent postnatal depression. The Edinburgh Postnatal Depression Scale (EPDS) is frequently used during the perinatal period, but the cut-off score during pregnancy has not been verified for the Japanese population. We aimed to clarify the optimal EPDS cut-off score in mid-pregnancy in Japan.
A NTENATAL DEPRESSION IS associated with risks of preterm birth, failure to seek prenatal care, low birthweight, self-harm or suicide, postnatal depression, difficulty in performing routine activities, poor diet, tobacco and alcohol use, prolonged labor, perinatal complications, postnatal complications, and cesarean section. [1] [2] [3] In the DSM-IV, 'postnatal onset' was added to the specifiers for depressive disorders, referring to depressive episodes that occur within 4 weeks of childbirth. 4 As there is continuity of depression, with 50% of cases of postnatal depression developing during pregnancy, the term 'perinatal onset' was added to the DSM-5 to include the period of pregnancy. 5 Based on a report on the Japanese population, the relative risk of a postnatal depressive score rising is 17.0 when pregnancy depression symptoms are high, which accords with the fact that depression during pregnancy is a known risk factor for postnatal depressive symptoms. 6 It has also been suggested that early detection of depression during pregnancy can lead to prevention of postnatal depression. 6 It is important, therefore, to screen for depression during pregnancy.
The Edinburgh Postnatal Depression Scale (EPDS) was developed in 1987 to screen for postnatal depression. 7 This 10-item self-report questionnaire is used in many countries and has been translated into 36 languages. 8 Cut-off scores differ across countries; for example, the cut-off of the original EPDS for probable depression was suggested to be 12 /13, 7 while that for the Japanese version of the EPDS was much lower at 8/9. 9 The EPDS has also been used to screen for antenatal depression, 8 with a cut-off score of 14/15 in the second and third trimesters of pregnancy. [10] [11] [12] A systematic review pointed out that the cut-off score in the perinatal period is generally higher than that in the postnatal period. 13 To the best of our knowledge, the optimal cut-off score during pregnancy has not been clarified for the Japanese population. This study sought to clarify the optimal cut-off score of the EPDS for major depressive episode (MDE) among pregnant women with at least sub-threshold MDE during the second trimester of pregnancy in Japan.
METHODS

Subjects and procedures
Participants were consecutively recruited from April 2014 to September 2016 at Toda Chuo Women's Hospital (TCWH), Saitama Prefecture, located in the greater Tokyo area. The study protocol was approved by the institutional review board and ethics committee of TCWH. Pregnant women aged 20 years or older at 12-24 gestational weeks (GW) were assessed by the EPDS to obtain a baseline. Based on the study protocol, underage or pregnant women before or after 12-24 GW were excluded from the baseline assessment. The clinical research coordinator explained the research study to those participants who scored ≥9 points on the EPDS and they were invited to participate in the study. Written informed consent was obtained after a complete explanation of the study was given. Sociodemographic, physical, and psychiatric data were then collected. Those who agreed to participate in the study were assessed by the EPDS and Mini-International Neuropsychiatric Interview (M.I.N. For those pregnant women assessed to have depressive symptoms and who were not undergoing psychiatric treatment, we provided information on psychiatric hospitals and/or clinics. A gift voucher (1000 JPY, equivalent to 9 USD) was awarded to each participant after the assessment.
Previous studies showed higher EPDS scores during pregnancy than after childbirth 12, 14, 15 and the EPDS cut-off score is 8/9 for postnatal depression in Japan. 9 Thus, it was reasonable to expect the cut-off score during pregnancy to be >9, so we considered it very unlikely for pregnant women with a score of ≤8 points to be diagnosed with depression. The sample in this study included pregnant women with an EPDS score of 9 or higher. Pregnant women with an EPDS score of 8 or lower were excluded from this study.
Measures EPDS
The EPDS is a self-report measure that focuses on the cognitive symptoms of depression. It excludes somatic items that might generate false positives both during pregnancy and after childbirth. 7 The EPDS consists of 10 items, each scored 0-3 points, with a potential scale score of 0-30. The reliability and validity of the Japanese version has been verified. The M.I.N.I. 16 is widely used to evaluate the presence of axis I psychiatric disorders according to the definition in the DSM-IV, and it is a brief (15-30 min) structured interview. 4 In validation studies of the EPDS, the M.I.N.I. has been frequently used as an external standard, 14, [17] [18] [19] as have the Structured Clinical Interview for DSM [20] [21] [22] [23] and the Montgomery-Asberg Depression Rating Scale. [24] [25] [26] In this study, four trained raters conducted the M.I. N.I. A trained psychiatrist (D. N.) trained three clinical psychologists (K. U., E. M., M. M.) through lectures and role-playing. A random sample of 10 cases was used to assess inter-rater reliability among the four raters (with one conducting and one observing the interview). For all nonpsychotic disorder diagnoses, ratings were reliable with kappa values of 1.0.
Demographics
A questionnaire was conducted on participants' age, GW, educational level, employment status, annual household income, marriage status, past psychiatric history (yes, no), family psychiatric history (yes, no), and prior childbirth (primipara or unipara/ multipara). Regarding the percentage of past psychiatric illnesses in this study, we considered a visit to a psychiatrist or a doctor of psychosomatic medicine as past psychiatric illness; thus our sample included mild or subthreshold symptoms. As a result, the percentage of past psychiatric illnesses in this study was much more than that typically determined by a clinician or by a structured interview.
Statistical analyses
Receiver-operator curve (ROC) analyses were performed to assess EPDS accuracy. Positive and negative predictive values, sensitivity and specificity, and the area under the curve (AUC) were calculated. Data analyses were performed using SPSS statistical software version 14.0 for Windows (IBM Japan Inc., Tokyo, Japan).
RESULTS
From 3005 candidate patients, a total of 210 pregnant women met the inclusion criteria and consented to participate in this study (Fig. 1) . All participants were in the second trimester except for one (12 GW) . Among the 210 participants, 20 were diagnosed with MDE based on the M.I.N.I. At the time of the survey, 75 of 210 participants had an EPDS score of ≥9 (mean = 7.48, SD = 4.84). Table 1 shows the demographic characteristics of the participants. Figure 2 shows the results of ROC analyses. The AUC was 0.956, and 12/13 was the optimal EPDS cut-off score for Japanese pregnant women in their second trimester. When 13 was set as the cut-off score, sensitivity and specificity were 90.0% and 92.1% [Correction added on 10 November 2017, after first online publication: The percentage for specificity has been corrected from 79.0% to 92.1%.], respectively, and positive and negative predictive values were 54.5% and 98.9%, respectively (Table 2) .
DISCUSSION
This study reveals that the optimal EPDS cut-off score in the second trimester in Japan is 13. We found that the optimal cut-off score of the EPDS in the second trimester of pregnancy differed from that in the postnatal period. 9 Detecting depressive symptoms during the second trimester enables intervention before birth, with 3 months still remaining for intervention. [27] [28] [29] Because antenatal depression is a predictor of postnatal depression, 1, 30 intervention for antenatal depression should help to prevent postnatal depression. However, although screening in the first trimester would give sufficient treatment leadtime for intervention, it is unsuitable for screening due to morning sickness. Thus, it is important to be able to clarify the optimal cut-off value in the second trimester.
Su et al. reported that the EPDS cut-off score in the second trimester might be higher than that in the third trimester, 31 which was supported by the findings of an EPDS study in China of a higher EPDS score in the second trimester than in the third trimester and at 6 weeks after birth. 15 The second trimester is a transitional period to parenthood, suggesting that depressive symptoms might be common at this time. 32 Also, physical symptoms, such as headache, do not improve during the second trimester. 33 This could explain why the optimal cut-off score in the second trimester in our study (13) was higher than that reported in the postnatal period (8/9). Large-scale meta-analyses have also been conducted to clarify optimal EPDS cut-off scores during pregnancy. 34 It is thought that a global standard cutoff score will be indicated, although the optimal value might vary based on differences in medical systems that accept high-risk individuals as well as on cultural differences that influence emotional expression (e.g., tendencies for over/underreporting). In a clinical setting, utilizing the scale based on local context is important for early detection of high-risk pregnant women so that they can receive primary care treatment.
The EPDS is considered to be particularly useful for primary screening because the negative predictive value is high (98.9%), although the positive predictive value is average (54.5%). Based on our findings for Japanese pregnant women, an EPDS score of ≤12 is strongly suggestive of the absence of antenatal depression. The EPDS could be a useful instrument for the early identification of antenatal depression, enabling resources to be allocated to women at greater risk.
There are several limitations of this study. First, the sample size was modest and only 20 participants had There were missing data on household income for three participants, on employment for one participant, and on birth experience for three participants. EPDS, Edinburgh Postnatal Depression Scale; NA, not applicable.
a diagnosis of MDE. Second, the study was conducted at a single facility center, which limits generalization of the results. Third, those with an EPDS score of ≤8 were not recruited; although very few pregnant women with such score would meet the diagnostic criteria for MDE, excluding them might have affected the results. Lastly, because negative predictive value and positive predictive value depend on pretest probability, the pretest probability of this study is different from that in the usual primary screening setting because we excluded pregnant women with an EPDS score ≤9 from the outset of the study.
In conclusion, we determined the optimal cut-off score of the EPDS to be 13 in mid-pregnancy in Japanese women. This finding will be helpful for appropriate antenatal depression screening in Japan. 
